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(54) Pattern generation circuit, multi-path detection circuit employing the same and multi-path 
detection method 



(57) A multi-path detection circuit can improve path 
detection accuracy in the environment where the path 
is located close in the extent of one chip in the multi- 
path detection circuit of CDMA type receiver unit. The 
multi-path detection circuit has generating means for 



generating a logic pattern of a correlated peak in the 
delay profile, and removing means for removing a power 
component of the detected correlated peak from the de- 
lay profile using the logical pattern of the correlated peak 
generated by the generating means. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a pattern gen- 
eration circuit, a multi-path detection circuit employing 
the same and a multi-path detection method. More par- 
ticularly, the invention relates to a detection method of 
a multi-path position for determining a reception timing 
of a finger of a RAKE receiver employed in a code divi- 
sion multiple access (CDMA) system (spread spectrum 
system). 

Description of the Related Art 

[0002] Conventionally, as a path timing detection cir- 
cuit of this kind, there is a circuit to be realized by meas- 
uring a delay profile of a propagation path by correlating 
operation of a reception signal and a spread code using 
a sliding correlator or matched filter and by detecting a 
correlation peak amount of the delay profile. 
[0003] However, when intervals of respective multi- 
path is narrow, a plurality of paths can overlap on the 
delay profile to make it difficult to detect correct path po- 
sition. 

[0004] For example, in an example of the delay profile 
shown in Figs. 5Ato 5C, when only one path is present, 
a shape of the path has a width as illustrated in Fig. 5A. 
On the other hand, when a plurality of paths are present, 
if paths have enough interval as shown in Fig. 5, a plu- 
rality of paths can be identified. 

[0005] However, when interval of the paths is small as 
shown in Fig. 5C, paths cause overlap to make it impos- 
sible to identify which sample point is the accurate path 
position. When the path position cannot be detected ac- 
curately, reception performance is degraded significant- 
ly- 

[0006] In such case, in the prior art, it has been em- 
ployed a method to set a minimum interval of respective 
finger position by omitting N samples (N is integer) be- 
fore and after the detected path from next peak detec- 
tion. Such method has been disclosed in "Path-Search 
Performance of DS-WCDNA System in Laboratory and 
Field Experiments" (Aoyama et al.: Technical Report of 
IEICE, RCS 97-1 64, 1 997-1 1 ) (hereinafter referred to as 
publication 1) 

[0007] However, in the foregoing method, it is re- 
quired to preliminarily determine the minimum interval 
of the paths to detect. Also, in the foregoing method, the 
detected path position may be determined depending 
upon the set value to cause difficulty in detecting accu- 
rate timing. 

[0008] Namely, in the foregoing publication 1, when 
the interval between the paths is narrow to overlap the 
paths, the N samples before and after the detected path 
are masked to omit from next peak detection, pseudo 



peak may appear in the pattern from which the N sam- 
ples before and after the detected path are omitted, to 
cause difficult in detection of the accurate timing. 

5 SUMMARY OF THE INVENTION 

[0009] The present invention has been worked out in 
view of the problems set forth above. It is therefore an 
object of the present invention to provide a pattern gen- 
10 eration circuit which can enhance precision in detection 
of each path timing and thus can obtain more stable re- 
ception performance, a multi-path detection circuit and 
a multi-path detection method employing the same. 
[0010] According to the first aspect of the present in- 
15 vention, a pattern generating circuit comprises: 

generating means for generating a logical pattern 
of correlated peak in a delay profile of a transmis- 
sion path; and 

20 removing means for removing a power component 
of the detected correlated peak from the delay pro- 
file using the logical pattern of the correlated peak 
generated by the generating means . 

25 [001 1 ] According to the second aspect of the present 
invention, a multi-path detection circuit for detecting a 
timing of multi-path by measuring a delay profile of a 
transmission path, comprises 

30 generating means for generating a logic pattern of 
a correlated peak in the delay profile; and 
detection means for detecting position of the corre- 
lated peak on the basis of the logical pattern of the 
correlated peak generated by the generating 
35 means. 

[0012] According to the third aspect of the present in- 
vention, a multi-path detection circuit comprises: 

40 a matched filter outputting a correlated value of a 
spread code and a received signal; 
delay profile storing means for storing a delay pro- 
file of a transmission path measured by the 
matched filter; 

45 maximum value retrieving means for retrieving a 
maximum peak position and a peak level from the 
delay profile stored in the delay profile storing 
means; 

pattern generating means for sequentially generat- 
50 ing logical patterns of correlated peaks on the basis 
of the leak level and peak position obtained from 
the maximum value retrieving means; and 
preparing means for preparing a profile removed a 
correlation power of the peak retrieved at preceding 
55 time by the maximum value retrieving means; 

the maximum peak value and the peak level being 
retrieve sequentially from the profile generated by 
the generating means. 
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[0013] According the forth aspect of the invention, a 
multi-path detection method for detecting a timing of 
multi-path by measuring a delay profile of a transmission 
path, comprises the steps of: 

generating a logical pattern of a correlated peak in 
a delay profile; and 

detecting a position of correlated peak on the basis 
of the generated logical pattern of the correlated 
peak. 

[0014] Namely, the multi-path detection circuit ac- 
cording to the present invention is to improve path de- 
tection accuracy in the environment where the path is 
located close in the extent of one chip in the multi-path 
detection circuit of CDMA type receiver unit. 
[0015] Therefore, a multi-path detection circuit has 
generating means for generating a logic pattern of a cor- 
related peak in the delay profile, and removing means 
for removing a power component of the detected corre- 
lated peakfrom the delay profile using the logical pattern 
of the correlated peak generated by the generating 
means. 

[0016] More particularly, the multi-path detection cir- 
cuit according to the present invention, has a matched 
filter outputting a correlated value of a spread code and 
a received signal, delay profile storing means for storing 
a delay profile of a transmission path measured by the 
matched filter, maximum value retrieving means for re- 
trieving a maximum peak position and a peak level of 
the first correlated peak from the delay profile stored in 
the delay profile storing means, pattern generating 
means for generating logical patterns (logical shape) of 
the first correlated peak on the basis of the leak level 
and peak position of the first correlated peak obtained 
from the maximum value retrieving means, and a sub- 
stractor substracts the logical pattern of the first corre- 
lated peak from the delay profile data stored in the delay 
profile storage portion upon detecting the second corre- 
lated peak. 

[001 7] With raking the construction set forth above, a 
profile removed the correlated power of the first corre- 
lated peak is prepared by the substractor upon detecting 
the second correlated peak to store in the delay profile 
storage portion. Subsequently, the maximum value re- 
trieving portion outputs the maximum peak position and 
the peak level to obtain the peak level and the peak po- 
sition of the second correlated peak. The pattern gen- 
erating portion generates the logical pattern of the sec- 
ond correlated peak on the basis of the peak level and 
the peak position of the second correlated peak. 
[001 8] The substractor subtracts the logical pattern of 
the second correlated peak from the delay profile data 
stored in the delay profile storage portion to generate a 
profile removed the correlated power of the second cor- 
related peak to store. The foregoing operation is count- 
ed by the counter to repeat for a predetermined number 
to retrieve a plurality of correlated peak. 



[0019] Accordingly, even when the interval of the cor- 
related peaks (path) is narrow to cause overlap on the 
delay profile, the multi-path can be precisely separated 
into each individual path to enable detection of the cor- 
5 related peak position to improve reception performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention will be understood more 
fully from the detailed description given hereinafter and 
from the accompanying drawings of the preferred em- 
bodiment of the present invention, which, however, 
should not be taken to be limitative to the invention, but 
are for explanation and understanding only. 
[0021] In the drawings: 

Fig. 1 is a block diagram showing a construction of 
one embodiment of a multi-path detection circuit ac- 
cording the present invention; 
Fig. 2 is a block diagram showing a construction of 
one embodiment of a CDMA receiver unit according 
to the present invention; 

Fig. 3 is a block diagram showing an example of a 
construction of a maximum value retrieving portion 
of Fig. 1 ; 

Fig. 4 is a block diagram showing an example of a 
pattern generating portion of Fig. 1 ; 
Fig. 5A is an illustration showing a delay profile in 
case of one path; 

Fig. 5B is an illustration of a delay profile in the case 
where intervals of three paths are relatively wide; 
Fig.5C is an illustration of a delay profile in the case 
where intervals of three paths are narrow. 
Fig. 6 is a flowchart showing an operation of the 
multi-path detection circuit of Fig. 1 ; 
Figs. 7A to 7C are operation image of respective 
process for the delay profile data stored in a delay 
profile storage portion of Fig. 1 ; 
Fig. 8 is a block diagram showing a construction of 
a maximum value retrieving portion of another em- 
bodiment of the multi-path detection circuit accord- 
ing to the present invention; 
Fig. 9 is a flowchart showing operation of another 
embodiment of multi-path detection circuit accord- 
ing to the present invention; 
Figs. 10A to 10C are illustration showing process 
operation in another embodiment of the present in- 
vention; 

Fig. 11 is a block diagram showing a construction 
of the a further embodiment of the multi-path detec- 
tion circuit according to the present invention; and 
Fig. 12 is an illustration showing one example of a 
reference pattern to be used in the still further em- 
bodiment of the pattern generating portion accord- 
ing to the present invention. 
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DESCRIPTION OFTHE PREFERRED EMBODIMENT 

[0022] The present invention will be discussed here- 
inafter in detail in terms of the preferred embodiment of 
the present invention with reference to the accompany- 
ing drawings. In the following description, numerous 
specific details are set forth in order to provide a thor- 
ough understanding of the present invention. It will be 
obvious, however, to those skilled in the art that the 
present invention may be practiced without these spe- 
cific detailed. In the other instance, well known structure 
are not shown in detail in order to avoid unnecessary 
obscurity of the present invention. 
[0023] Fig. 1 is a block diagram showing a construc- 
tion of one embodiment of a multi-path detection circuit 
according to the present invention. As shown in Fig. 1 , 
the shown embodiment of the multi-path detection cir- 
cuit 1 is constructed with a matched filter 11, a delay 
profile storage portion 12, a maximum value retrieving 
portion 13, a pattern generating portion 14, asubtractor 
15 and a counter 16. 

[0024] The multi-path detection circuit 1 has the 
matched filter 11 outputting a correlation value of a 
spread code and a received signal. A delay profile of a 
propagation path (not shown) measured by the matched 
filter 11 is fed to the delay profile storage portion 12 to 
be stored therein. 

[0025] A first correlated peak (path) can be obtained 
by outputting a maximum peak position and a peak level 
from the delay profile by the maximum value retrieving 
portion 1 3. The pattern generating portion 1 4 generates 
a logical pattern of the first correlated peak on the basis 
of the peak level and the peak position of the first peak 
obtained from the maximum value retrieving portion 1 3, 
[0026] Upon detecting the second correlated peak, 
the subtractor 1 5 subtracts the logical pattern of the first 
correlated peak from the delay profile data in the delay 
profile storage portion 12 to prepare a profile removing 
a correlated power of the first correlated peak and stores 
the prepared profile in the delay profile storage portion 
1 2. It should be noted that the subtractor 1 5 may be re- 
placed with other means, such as shift register or the 
like as long as the profile removed the correlated power 
of the first correlated peak can be generated. 
[0027] Thereafter, the maximum value retrieving por- 
tion 1 3 outputs the maximum peak position and the peak 
level to obtain the peak level and the peak position of 
the second correlated peak. The pattern generating por- 
tion 14 generates the logical pattern (logical shape) of 
the second correlated peak on the basis of the peak lev- 
el and the peak position of the second correlated peak. 
[0028] The subtractor 1 5 subtracts the logical pattern 
of the second correlated peak from the delay profile data 
stored in the delay profile storage portion 12 to prepare 
the profile removed the correlated power of the second 
correlated peak. Then, the prepared profile is stored in 
the delay profile storage portion 12. 
[0029] By repeating the foregoing operation for 



number of times to be measured by the counter 16, a 
plurality of correlated peak can be retrieved. According- 
ly, even if the multi-path having narrow interval between 
adjacent correlated peaks to cause overlapping on the 
5 delay profile, the multi-paths can be separated into re- 
spective of the correlated peaks with high precision to 
enable detection of the correlated peak position. Thus, 
reception performance can be improved. 
[0030] Fig. 2 is a block diagram showing one embod- 
iment of the CDMA receiver according to the present 
invention. In Fig. 2, one embodiment of the CDMA re- 
ceiver according to the present invention is constructed 
with an antenna portion 2, a high frequency reception 
circuit portion (radio portion) 3, an analog-to-digital (A/ 
D) converter 4, a RAKE finger portion 5, a RAKE syn- 
thesizing portion 6 and the multi-path detection circuit 
1 . The multi-path detection circuit 1 has the construction 
as shown in Fig. 1 . The high frequency reception circuit 
portion 3 is provided with a channel filter 3a to be used 
for band restriction with a not shown base station. 
[0031 ] The data transmitted as radio wave is received 
by the antenna portion 2, then is subjected to frequency 
conversion (down conversion) by the high frequency re- 
ception circuit portion 3 and is converted from the analog 
signal into digital signal by the A/D converter 4. 
[0032] The signal from the A/D converter4 is supplied 
to the multi-path detection circuit 1 for measuring the 
delay profile of a transmission path and timing of the 
multi-path is detected. The output of the multi-path de- 
tection circuit 1 is used as a reception timing input of the 
RAKE finger portion 5. Data received at respective tim- 
ing are synthesized by the RAKE Synthesizing portion 6. 
[0033] The multi-path detection circuit 1 has the 
matched filter 11 outputting the correlated value of the 
spread code and the received signal. By this, the meas- 
ured delay profile of the transmission path is stored in 
the delay profile storage portion 12. 
[0034] The first correlated peak (path) can be ob- 
tained by outputting a maximum peak position and a 
peak level from the delay profile by the maximum value 
retrieving portion 13. The pattern generating portion 14 
generates a logical pattern of the correlated peak on the 
basis of the peak level and the peak position of the first 
correlated peak obtained from the maximum value re- 
trieving portion 13. At this time, the reference pattern 
(peak shape of one path of the peak level 1 ) used in the 
logical pattern of the correlated peak can be arithmeti- 
cally derived on the basis of a coefficient used in the 
channel filter 3a. From the reference pattern, the logical 
pattern of the correlated peak is generated on the basis 
of the peak level and the peak position of the correlated 
peak. 

[0035] Upon detecting the second correlated peak, 
the subtractor 1 5 subtracts the logical pattern of the first 
correlated peak from the delay profile data in the delay 
profile storage portion 12 to prepare a profile removing 
a correlated power of the first correlated peak and stores 
the prepared profile in the delay profile storage portion 
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12. 

[0036] Thereafter, the maximum value retrieving por- 
tion 1 3 outputs the maximum peak position and the peak 
level to obtain the peak level and the peak position of 
the second correlated peak. The pattern generating por- 
tion 14 generates the logical pattern of the second cor- 
related peak on the basis of the peak level and the peak 
position of the second correlated peak. 
[0037] The subtractor 1 5 subtracts the logical pattern 
of the second correlated peak from the delay profile data 
stored in the delay profile storage portion 12 to prepare 
the profile removed the correlated power of the second 
correlated peak. Then, the prepared profile is stored in 
the delay profile storage portion 12. By repeating the 
foregoing operation for number of times, a plurality of 
correlated peak can be retrieved. It should be noted that 
the number of times is measured by the counter 1 6. 
[0038] Fig. 3 is a block diagram showing a construc- 
tion of the maximum value retrieving portion 13 of Fig. 
1 . In Fig. 3, the maximum value retrieving portion 13 is 
constructed with a level comparing portion 1 3a, a selec- 
tor 13b, a buffer portion (D) 13c and a maximum position 
storage portion 13d. 

[0039] The level comparing portion 3a compares the 
samples of the delay profile data with the interim maxi- 
mum value in the retrieved samples. The selector 13b 
selects the same sample of the delay profile data or the 
interim maximum value depending upon the result of 
compariseon of the level comparing portion 3a. 
[0040] The buffer portion 13c holds an interim maxi- 
mum value during maximum value retrieval. The maxi- 
mum position storage portion 13d holds a sample posi- 
tion when the level comparing portion 13a detects new 
maximum value to output the maximum peak position. 
In the construction set forth above, all samples of the 
delay profile data are retrieved sequentially. At the end 
of search, the maximum value among all samples is 
stored in the buffer portion 13c. 

[0041] Fig. 4 is a block diagram showing a construc- 
tion-of the pattern generating portion 1 4 of Fig. 1 . In Fig. 
4, the pattern generating portion 14 is constructed with 
a logical pattern memory 14a, a multiplier 14b and a 
peak position setting portion 14c. 
[0042] The logical pattern memory 14a holds a pre- 
liminarily set reference pattern. The multiplier 14b sets 
a peak level using the reference pattern stored in the 
logical pattern memory 14a. The peak position setting 
portion 1 4c sets the position of the correlated peak from 
a peak position input and a peak shape output (logical 
pattern) from the multiplier 14b. The multiplier 14b may 
be any other means, such as adder or the like as long 
as the peak level can be set using the reference pattern. 
[0043] The logical pattern memory 14a may be real- 
ized by storing the reference pattern indicative of the 
logical pattern of the correlated peak [the peak shape 
upon one path as shown in Fig. 7A] as set at peak level 
1 in read-only-memory (ROM) or the like. 
[0044] By removing the power of the detected peak 



obtained by the pattern generating portion 1 4, detection 
of the next correlated peak becomes possible. A timing 
information of the multi-path thus obtained is supplied 
to the RAKE finger portion 5. 

5 [0045] With the construction set forth above, as 
shown in Fig. 5C, even in multi-path environment where 
the path interval is narrow to cause overlap of the delay 
profile, the correlated peak position can be detected with 
high precision to improve reception performance. 

10 [0046] It should be noted that the matched filter 1 1 is 
well known to those skilled in the art as means for meas- 
uring the delay profile. Therefore, detailed description 
therefor will be omitted for keeping the disclosure simple 
enough to facilitate clear understanding of the present 

15 invention. It should be noted that a sliding correlator may 
also be employed in place of the matched filter 1 1 . Sim- 
ilarly, the RAKE finger portion 5 and the RAKE synthe- 
sizing portion 6 are well known to those skilled in the art, 
and are not directly related to the present invention. 

20 Therefore, detailed description therefor will be omitted 
for keeping the disclosure simple enough to facilitate 
clear understanding of the present invention. 
[0047] Figs. 5A to 5C are illustration showing exam- 
ples of the delay profiles. Fig. 5A shows the delay profile 

25 in case of one path. Fig. 5B shows the delay profile in 
the case where interval between three paths is relatively 
wide. Fig. 5c shows the delay profile in the case where 
interval between three paths is narrow. 
[0048] Fig. 6 is a flowchart showing operation of the 

30 multi-path detection circuit 1 of Fig. 1 , and Figs. 7A to 
7C are illustration showing operation images of respec- 
tive process for the delay profile data stored in the delay 
profile storage portion 12. It should be noted that the 
operation shown in Fig. 6 is realized by executing a pro- 

35 gram of a not shown control memory by the multi-path 
detection circuit 1. As the control memory, ROM, inte- 
grated circuit (IC) memory and so forth may be used. 
[0049] With reference to Figs . 1 to 7C, operation of 
one embodiment of the present invention will be dis- 

40 cussed. Here, discussion will be given for the case 
where the path interval is narrow and delay profiles of a 
plurality of correlated peaks overlap as shown in Fig.5C. 
[0050] Fig. 5A shows an example of the correlated 
peak in the case where only one path is present and 

45 only one correlated peak is present. The shape of the 
correlated peak has a width by a reception filter charac- 
teristics. 

[0051] Fig. 5B shows an example of the delay profile 
in which three correlated peaks are present with interval 
50 about two chips. When the correlated peaks have suffi- 
cient interval as shown, presence of the three correlated 
peaks is definite. 

[0052] Fig. 5C shows an example of the case in which 
three correlated peaks are present with interval about 
55 one chip. Since respective paths overlap to make re- 
spective peak position indefinite. Therefore, accurate 
detection of the position of the correlated peak is difficult 
in the conventional method. 
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[0053] Next, discussion will be given for operation of 
the multi-path detection circuit 1 . In the multi-path de- 
tection circuit 1 , at first, the counter 1 6 counting number 
of detected peaks is reset (step S1 of Fig. 6). Subse- 
quently, in the multi-path detection circuit 1, the delay 
profile is measured by the matched filter 11 (step S2 of 
Fig. 6). An example of the delay profile measured by the 
matched filter 11 is shown in Fig. 7A. 
[0054] Thereafter, maximum value retrieval is per- 
formed by the maximum value retrieving portion 13 (step 
S3 of Fig. 6). The maximum value retrieving portion 13 
outputs the detected path timing (correlated peak posi- 
tion) to the RAKE finger portion 5 (step S4 of Fig. 6). 
The pattern generating portion 14 generates the logical 
pattern [see Fig. 7B] of the detected peak on the basis 
of the maximum value and the peak position information 
detected by the maximum value retrieving portion 13 
(step S5 of Fig. 6). 

[0055] The subtractor 1 5 subtracts the logical pattern 
generated by the pattern generating portion 1 4 from the 
delay profile data [see Fig. 7c] to remove the power com- 
ponent of the detected peak from the delay profile data 
(step S6 of Fig. 6). 

[0056] The delay profile storage portion 1 2 stores da- 
ta removed the power component of the detected peak 
from the delay profile data by the subtractor 1 5 (step S7 
of Fig. 6). After completion of this process, the counter 
16 is counted up (step S8 of Fig. 6). By repeating the 
foregoing process for the times corresponding to 
number of fingers (step S9 of Fig. 9), necessary number 
of peaks can be detected. 

[0057] As set forth above, even in the multi-path en- 
vironment where the correlated peaks of the delay pro- 
files are overlapped , the multi-path detection circuit 1 
can detect timing of respective path at high precision. 
Therefore, reception performance can be improved. 
[0058] Fig. 8 is a block diagram showing a construc- 
tion of the maximum value retrieving portion of another 
embodiment of the multi-path detection circuit according 
to the present invention. In Fig. 8, another embodiment 
of the present invention has the same construction as 
the maximum value retrieving portion 13 in the former 
embodiment of the present invention shown in Fig. 3 ex- 
cept for a coefficient multiplying portion 71 is provided 
in the maximum value retrieving portion 7. Like compo- 
nents to those in the former embodiment will be identi- 
fied by like reference numerals and detailed description 
therefor will be omitted for avoiding redundant discus- 
sion and whereby to keep the disclosure simple enough 
to facilitate clear understanding of the present invention. 
[0059] It should be noted that the basic construction 
of another embodiment of the multi-path detection cir- 
cuit according to the present invention is the same as 
the construction of the multi-path detection circuit in the 
former embodiment shown in Fig. 1 . Therefore, detailed 
description therefor will be omitted for avoiding redun- 
dant discussion and whereby to keep the disclosure 
simple enough to facilitate clear understanding of the 



present invention. 

[0060] In Fig. 8, the maximum value retrieving portion 
7 is constructed with the level comparing portion 13a, 
the selector 13b, buffer portion 13c, maximum position 
5 storage portion 13d and coefficient multiplying portion 
71. 

[0061 ] The level comparing portion 1 3a compares the 
sample of the delay profile data with the interim maxi- 
mum value in the retrieved samples. The selector 13b 

10 selects the sample of the delay profile data and the in- 
terim maximum value depending upon the result of com- 
parison of the level comparing portion 13a. The buffer 
portion 13c stores the interim maximum value during 
maximum value retrieval. 

15 [0062] In the construction set forth above, all sample 
of the delay profile data is retrieved sequentially. At the 
end of search, the maximum value among all samples 
is stored in the buffer portion 13c. The maximum posi- 
tion storage portion 13d holds a sample position when 

20 the level comparing portion 13a detects new maximum 
value to output the maximum peak position. 
[0063] Here, the coefficient multiplying portion 71 
multiples the maximum value among all samples stored 
in the buffer portion 13c with a preliminarily set given 

25 value a to output the product to the level comparing por- 
tion 13a and the selector 13b. 

[0064] By this, upon detection of the maximum value, 
when a plurality of sample points having equivalent level 
as the maximum correlation level are present, the sam- 

30 pie having the least delay period (left side of the delay 
profile) among these samples can be selected as max- 
imum point of the samples (leftside of the delay profile). 
It should be noted that coefficient multiplying portion 71 
may be replaced with adder or the like as long as the 

35 sample having the least delay period can be taken as 
the maximum point. 

[0065] Fig. 9 is a flowchart showing operation of an- 
other embodiment of the multi-path detection circuit ac- 
cording to the present invention. Figs. 10Ato 10Cshow 

40 example of process operation by another embodiment 
of the present invention. Operation and effect of another 
embodiment of the multi-path detection circuit according 
to the present invention will be discussed with reference 
to Figs. 8 to 10C. 

45 [0066] It should be noted that the basic construction 
of another embodiment of the multi-path detection cir- 
cuit according to the present invention is the same as 
the former embodiment of the multi-path detection cir- 
cuit and the CDMA receiver shown in Fig. 1 and Fig. 2 

50 according to the invention. Therefore, Like components 
to those in the former embodiment will be identified by 
like reference numerals and detailed description there- 
for will be omitted for avoiding redundant discussion and 
whereby to keep the disclosure simple enough to facil- 

55 itate clear understanding of the present invention. ON 
the other hand, the operation shown in Fig. 9 is realized 
by executing a program in the not shown control mem- 
ory by the multi-path detection circuit 1 . As the control 
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memory, ROM, IC memory or the like may be used. 
[0067] Here, discussion will be given for the case 
where the path interval is narrow and delay profiles of a 
plurality of correlated peaks overlap as shown in Fig. 
5C. Fig. 5C shows an example of the case in which three 
correlated peaks are present with interval about one 
chip. Since respective paths overlap to make respective 
peak position indefinite. Therefore, accurate detection 
of the position of the correlated peak is difficult in the 
conventional method. 

[0068] In the multi-path detection circuit 1 , at first, the 
counter 16 counting number of detected peaks is reset 
(step S1 1 of Fig. 9). Subsequently, in the multi-path de- 
tection circuit 1, the delay profile is measured by the 
matched filter 11 (step S12 of Fig. 9). 
[0069] Thereafter, maximum value retrieval and max- 
imum position retrieval are performed by the maximum 
value retrieving portion 7 (steps S13 and S14 of Fig. 9). 
The maximum value retrieving portion 7 outputs the path 
timing (correlated peak position) to the RAKE finger por- 
tion 5 (step S1 5 of Fig. 9). The pattern generating portion 
1 4 generates the logical pattern of the detected peak on 
the basis of the maximum value and the peak position 
information detected by the maximum value retrieving 
portion 7 (step S16 of Fig. 9). 

[0070] The subtractor 1 5 subtracts the logical pattern 
generated by the pattern generating portion 1 4 from the 
delay profile data to remove the power component of 
the detected peak from the delay profile data (step S1 7 
of Fig. 9). The delay profile storage portion 12 stores 
data removed the power component of the detected 
peak from the delay profile data by the subtractor 15 
(step S18 of Fig. 9). After completion of this process, the 
counter 1 6 is counted up (step S1 9 of Fig. 9). By repeat- 
ing the foregoing process for the times corresponding 
to number of fingers (step S20 of Fig. 9), necessary 
number of peaks can be detected. 
[0071] As set forth above, even in the multi-path en- 
vironment where the correlated peaks of the delay pro- 
files are overlapped , the multi-path detection circuit 1 
can detect timing of respective path at high precision. 
Therefore, reception performance can be improved. 
[0072] Fig. 1 0A shows an example of the delay profile 
in which a plurality of paths are located close proximity 
and levels of respective paths are substantially equal. 
In this case, in the maximum value retrieving portion 13 
of the one embodiment of the present invention, difficul- 
ty is encountered in making judgment which sample is 
to be the first correlated peak, In contrast to this, in the 
maximum value retrieving portion 7 of the shown em- 
bodiment, as the peak of the profile, the point at the left 
most position (detecting position 1) can be sleeted. 
[0073] Therefore, the procedure shown in Figs. 10B 
and 10C, namely by the procedure, in which the first 
peak component is removed from the delay profile to 
detect the detecting position 2, and subsequently the 
second peak component is removed from the delay pro- 
file to detect the detecting position 3, the power compo- 



nent of the detected peak is removed per one peak to 
separate all multi-path components to perform detec- 
tion. 

[0074] It should be noted that whilethe shown embod- 
5 iment is designed to detect the peak located at the left- 
most position, namely have the least delay period, as 
the profile peak sequentially, it is also possible to detect 
the peak located at the rightmost position, namely the 
peak having the most delay period as the profile peak 
10 for detecting the profile peaks sequentially by inverting 
the scanning direction. 

[0075] Fig. 11 is a block diagram showing a further 
embodiment of the multi-path detection circuit according 
to the present invention. In Fig. 1 1 , the further embodi- 
es ment of the multi-path detection circuit 8 according to 
the present invention has the same construction as one 
embodiment of the multi-path detection circuit 1 shown 
in Fig. 1 except for presence of a path interval judgment 
portion 82 and a sample subtractiong portion 83. Like 

20 components to those in the former embodiment will be 
identified by like reference numerals and detailed de- 
scription therefor will be omitted for avoiding redundant 
discussion and whereby to keep the disclosure simple 
enough to facilitate clear understanding of the present 

25 invention. Also, operations of the common components 
are the same as those in one embodiment of the inven- 
tion. It should be noted that, in the multi-path detection 
circuit 8, a detection objective pattern generating portion 
81 is formed by the pattern generating portion 14 and 

30 the subtractor 15. 

[0076] The path interval judgment portion 82 makes 
judgment of interval of the path timing on the basis of 
the path timing output from the maximum value retriev- 
ing portion 13, to drive the detection objective pattern 

35 generating portion 81 when the interval of the path tim- 
ing becomes smaller than a preliminarily set interval, 
and to drive the sample detecting portion 83 when the 
interval of the path timing becomes greaterthan the pre- 
liminarily set interval. It should be noted that the path 

40 interval judgment portion 82 outputs the path timing out- 
put from the maximum value retrieving portion 13 as is 
out of the multi-path detection circuit 8. 
[0077] The pattern generating portion 1 4 and the sub- 
tractor 15 in the detection objective pattern generating 

45 portion 81 perform generating operation of the delay 
profile data to be an object for detection. On the other 
hand, the sample detecting portion 83 performs similar 
operation as the prior art. IN the further embodiment of 
the present invention, pattern generating operation by 

50 the pattern generating portion 14 and the subtractor 15 
is performed only for the multi-path, in which the delay 
profiles overlap. 

[0078] Fig. 12 is an illustration showing one example 
of the reference pattern to be used in the pattern gen- 
55 erating portion in the further embodiment of the present 
invention. In the delay profile, before and after the wave 
representative of the profile peak of one path, side lobe 
is generated to make interval between the correlated 
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peak narrower to cause overlap of the delay profile, 
these side lobe may be included in the waveform. 
[0079] Therefore, in the further embodiment of the 
present invention, upon generation of the reference pat- 
tern, the side lob portion is preliminarily prepared togeth- 
er with the profile peak to store as shown in Fig. 12. By 
this, the side lobe portion can be eliminated from the 
profile peak including the side lobe of adjacent profile. 
Thus, more accurate detection of the multi-path compo- 
nent becomes possible. 

[0080] As set forth above, according to the present in- 
vention, in the multi-path detection circuit detecting the 
timing of the multi-path, the logical shape of the corre- 
lated peak in the delay profile is generated for detecting 
the correlated peak on the basis of the generated logical 
shape of the correlated peakto enhance precision in de- 
tection of the path timing in the multi-path environment 
where the correlated peaks overlap on the delay profile, 
to obtain better reception performance. 
[0081] Although the present invention has been illus- 
trated and described with respect to exemplary embod- 
iment thereof, it should be understood by those skilled 
in the art that the foregoing and various other changes, 
omission and additions may be made therein and there- 
to, without departing from the spirit and scope of the 
present invention. Therefore, the present invention 
should not be understood as limited to the specific em- 
bodiment set out above but to include all possible em- 
bodiments which can be embodied within a scope en- 
compassed and equivalent thereof with respect to the 
feature set out in the appended claims. 



Claims 

1 . A pattern generating circuit comprising: 

generating means for generating a logical pat- 
tern of correlated peak in a delay profile of a 
transmission path; and 

removing means for removing a power compo- 
nent of the detected correlated peak from said 
delay profile using the logical pattern of said 
correlated peak generated by said generating 
means. 

2. A pattern generating circuit comprising: 

generating means for generating a logical pat- 
tern of correlated peak in a delay profile of a 
transmission path; and 

removing means for sequentially removing a 
power component of the detected correlated 
peak from said delay profile using the logical 
pattern of said correlated peak generated by 
said generating means. 

3. A pattern generating circuit as set forth in claim 2, 



wherein said removing means obtains a peak level 
and a peak position of second path from a profile 
removed correlated power of a first path from a de- 
lay profile data, and subsequently obtains a peak 
5 level and a peak position of third path from a profile 

removed correlated power of the second path from 
a delay profile data. 

4. A pattern generating circuit as set forth in claim 2, 
10 wherein said removing means selects a sample 

having the least delay period as a maximum point 
among samples by multiplying a preliminarily set 
given value to the maximum value among all sam- 
ples. 

15 

5. A pattern generating circuit as set forth in claim 2, 
wherein said removing means selects a sample 
having the most delay period as a maximum point 
among samples by multiplying a preliminarily set 

20 given value to the maximum value among all sam- 
ples. 

6. A pattern generating circuit as set forth in claim 2, 
wherein said logical pattern is preliminarily gener- 

25 ated on the basis of a coefficient set for a channel 
filterto be used for band restriction in said transmis- 
sion path. 

7. A pattern generating circuit as set forth in claim 2, 
30 wherein said logical pattern represent a peak shape 

in single path of the delay profile. 

8. A pattern generating circuit as set forth in claim 2, 
wherein said logical pattern represents the peak 

35 shape and side lobe contained therein in single path 
of the delay profile. 

9. A multi-path detection circuit for detecting a timing 
of multi-path by measuring a delay profile of a trans- 
it? mission path, comprising 

generating means for generating a logic pattern 
of a correlated peak in said delay profile; and 
detection means for detecting position of the 
45 correlated peak on the basis of the logical pat- 

tern of the correlated peak generated by said 
generating means. 

10. A multi-path detection circuit as set forth in claim 9, 
50 wherein said detection means comprises removing 

means for sequentially removing power component 
of the detected correlated peak from said delay pro- 
file using the logical pattern of said correlated peak 
and means for sequentially detecting the position of 
55 said correlated peak from the delay profile by re- 
moving the power component of the correlated peak 
by said removing means. 
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1 1 . A multi-path detection circuit as set forth in claim 9, 
wherein said detection means obtains a peak level 
and a peak position of second path from a profile 
removed correlated power of a first path from a de- 
lay profile data, and subsequently obtains a peak 5 
level and a peak position of third path from a profile 
removed correlated power of the second path from 
a delay profile data. 

12. A multi-path detection circuit as set forth in claim 9, 10 
wherein said detection means selects a sample 
having the least delay period as a maximum point 
among samples by multiplying a preliminarily set 
given value to the maximum value among all sam- 
ples. 15 

13. A multi-path detection circuit as set forth in claim 9, 
wherein said detection means selects a sample 
having the most delay period as a maximum point 
among samples by multiplying a preliminarily set 20 
given value to the maximum value among all sam- 
ples. 

14. A multi-path detection circuit as set forth in claim 9, 
wherein said logical pattern is preliminarily gener- 25 
ated on the basis of a coefficient set for a channel 
filterto be used for band restriction in said transmis- 
sion path. 

15. A multi-path detection circuit as set forth in claim 9, 30 
wherein said logical pattern represent a peak shape 
in single path of the delay profile. 



16. A multi-path detection circuit as set forth in claim 9, 
wherein said logical pattern represents the peak 
shape and side lobe contained therein in single path 
of the delay profile. 

17. A multi-path detection circuit as set forth in claim 



delay profile storing means for storing a delay 
profile of a transmission path measured by said 
matched filter; 

maximum value retrieving means for retrieving 
a maximum peak position and a peak level from 
said delay profile stored in said delay profile 
storing means; 

pattern generating means for sequentially gen- 



erating logical patterns of correlated peaks on 
the basis of the leak level and peak position ob- 
tained from said maximum value retrieving 
means; and 

preparing means for preparing a profile re- 
moved a correlation power of the peak retrieved 
at preceding time by said maximum value re- 
trieving means; 

said maximum value retrieving means retrieves 
saidmaximum peak value and said peak level 
sequentially from the profile generated by said 
generating means. 

19. A multi-path detection circuit as set forth in claim 
18, wherein said pattern generating means gener- 
ates a logical pattern of the peak of preceding time 
on the basis of the peak level and the peak position 
obtained from the maximum value retrieving 
means, 

said generating means removes correlated 
power detecting precedingly from the delay profile 
using the logical pattern of the correlated data gen- 
erated by said pattern generating means. 

20. A multi-path detection circuit as set forth in claim 
18, wherein said maximum value retrieving means 
obtains a peak level and a peak position of second 
path from a profile removed correlated power of a 
first path from a delay profile data, and subsequent- 
ly obtains a peak level and a peak position of third 
path from a profile removed correlated power of the 
second path from a delay profile data. 

21. A multi-path detection circuit as set forth in claim 
35 18, wherein said maximum value retrieving means 

comprises 

level comparing means for comparing a delay 
profile data samples and an interim maximum 
value amount retrieved samples; 
selecting means for selecting one of said delay 
profile data sample and said interim maximum 
value depending upon the result of comparison 
by said level comparing means; 
buffer means for storing said interim maximum 
value during maximum value retrieval; 
maximum position holding means for outputting 
a maximum peak position by holding a sample 
position upon detecting of new maximum value 
by said level comparing means. 

22. A multi-path detection circuit as set forth in claim 
21 , wherein said maximum value retrieving means 
includes coefficient calculating means for perform- 

55 ing calculation of a preliminarily set given value and 
a interim maximum value stored in said buffer 
means, and selecting a sample having the least de- 
lay period as a maximum point among samples on 



10, which further comprises position interval judg- 40 
ment means for detecting interval of positions of 
said correlated peaks and removal of power com- 
ponent of said correlated peak is performed by said 
removing means depending upon the result of judg- 
ment of said position interval judgment means. 45 

18. A multi-path detection circuit comprising: 

a matched filter outputting a correlated value of 
a spread code and a received signal; 50 
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the basis of a result of calculation by said coefficient 
calculation means. 

23. A multi-path detection circuit as set forth in claim 
21 , wherein said maximum value retrieving means 
includes coefficient calculating means for perform- 
ing calculation of a preliminarily set given value and 
a interim maximum value stored in said buffer 
means, and selecting a sample having the most de- 
lay period as a maximum point among samples on 
the basis of a result of calculation by said coefficient 
calculation means. 

24. A multi-path detection circuit as set forth in claim 
18, wherein said pattern generating means com- 
prises a logical pattern memory storing a prelimi- 
narily set logical pattern, setting means for setting 
a peak level using a logical pattern stored in said 
logical pattern memory, and peak position setting 
means for setting a position of the correlated peak 
from a peak position input and peak shape output 
from said setting means. 

25. A multi-path detection circuit as set forth in claim 
18, wherein said preparing means preparing a pro- 
file removed the correlated power of the peak re- 
trieved preceding time by said maximum value re- 
trieving means by removing the logical pattern of 
the correlated peak generated by said pattern gen- 
erating means from the delay profile data retrieved 
said maximum peak position and said peak level by 
said maximum value retrieving means. 

26. A multi-path detection circuit as set forth in claim 
1 8, wherein said logical pattern is preliminarily gen- 
erated on the basis of a coefficient set in a channel 
filter used for band restriction in said transmission 
path. 

27. A multi-path detection circuit as set forth in claim 
18, wherein said logical pattern represents a peak 
shape in single path of said delay profile. 

28. A multi-path detection circuit as set forth in claim 
18, wherein said logical pattern represents a peak 
shape and a side lobe contained therein in single 
path of said delay profile. 

29. A multi-lobe detection circuit as set forth in claim 1 8 
which further comprises position interval judgment 
means for detecting interval of positions of said cor- 
related peaks and priparing of profile removed said 
correlated power of the peak retrieved preceding 
time is performed by said priparing means depend- 
ing upon the result of judgment of said position in- 
terval judgment means. 

30. A multi-path detection method for detecting a timing 



of multi-path by measuring a delay profile of a trans- 
mission path, comprising the steps of: 

generating a logical pattern of a correlated 
5 peak in a delay profile; and 

detecting a position of correlated peak on the 
basis of the generated logical pattern of said 
correlated peak. 

10 31. A multi-path detection method as set forth in claim 
30, wherein said step of detecting position of said 
correlated peak position includes step of sequen- 
tially removing power component of the detected 
correlated peak from said delay profile using the 

15 logical pattern of said correlated peak and step of 
sequentially detecting the position of said correlat- 
ed peak from the delay profile removed the power 
component of the correlated peak. 

20 32. A multi-path detection method as set forth in claim 
30, wherein said step of detecting position of said 
correlated peak obtains a peak level and a peak po- 
sition of second path from a profile removed corre- 
lated power of a first path from a delay profile data, 
25 and subsequently obtains a peak level and a peak 
position of third path from a profile removed corre- 
lated power of the second path from a delay profile 
data. 

30 33. A multi-path detection method as set forth in claim 
30, wherein said step of detecting position of said 
correlated peak selects a sample having the least 
delay period as a maximum point among samples 
by multiplying a preliminarily set given value to the 
35 maximum value among all samples. 

34. A multi-path detection method as set forth in claim 
30, wherein said step of detecting position of said 
correlated peak selects a sample having the most 

40 delay period as a maximum point among samples 
by multiplying a preliminarily set given value to the 
maximum value among all samples. 

35. A multi-path detection method as set forth in claim 
45 30, wherein said logical pattern is preliminarily gen- 
erated on the basis of a coefficient set for a channel 
filterto be used for band restriction in said transmis- 
sion path. 

50 36. A multi-path detection method as set forth in claim 
30, wherein said logical pattern represent a peak 
shape in single path of the delay profile. 

37. A multi-path detection method as set forth in claim 
55 30, wherein said logical pattern represents the peak 
shape and side lobecontainedtherein in single path 
of the delay profile. 
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38. A multi-path detection means as set forth in claim 
31, wherein position internal of said correlated 
peaks are detected to remove power component of 
the detected correlated peak from the delay profile 
sequentially depending upon the result of judgment. 5 
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